Recent phylogeographical analyses using mitochondrial DNA (mtDNA) sequences indicate that the Tarentola geckos from the Cape Verde archipelago originated from a propagule that dispersed from the Canary Islands approximately 7.7 Mya and that underwent a fast evolutionary radiation. Molecular analyses carried out to date clearly show some incongruences with the current taxonomy of Tarentola from the Cape Verde Islands, with some species being paraphyletic or polyphyletic, and several independently evolving lineages needing formal taxonomic recognition. The aim of this study was to clarify the systematics of this group to unravel its taxonomy by applying an integrative approach based on information from three independent sources: mtDNA, nuclear genes, and morphology. As a result of this taxonomic revision, two novel species for the islands of S. Nicolau and Fogo are described and eight subspecies are upgraded to species level. Moreover, an identification key for the genus Tarentola from the Cape Verde archipelago is presented. This study reconciles taxonomy and phylogeny in this group, provides a better understanding of diversity patterns, new insights on evolutionary hypotheses, and supports the basic framework for the future management and conservation of this unique reptile radiation. Society, 2012Society, , 164, 328-360. doi: 10.1111Society, /j.1096Society, -3642.2011 ADDITIONAL KEYWORDS: Cape Verdean -geckonids -morphology -nDNA -species description.
INTRODUCTION
Delineating species boundaries is crucial because it is the first step toward discussing broader questions on biogeography, ecology, conservation, or evolution. The gap in communication between different disciplines currently related to species recognition is an important but often overlooked problem. According to de Queiroz (2007) one of the main problems is that species delimitation has long been confused with that of species conceptualization, leading to a half a century of controversy concerning both the definition of species categories and the methods for inferring the boundaries and the number of species. Recent intellectual progress in the field has been made to identify a common element among all the different species concepts in order to propose a single, more general, concept of species known as the General Lineage Species Concept (de Queiroz, 1998) . This unified species concept considers species as separately evolving metapopulation lineages and treats this property as the single requisite for delimiting species. Other properties, such as phenetic distinguishability, reciprocal monophyly, and preand postzygotic reproductive isolation, are not part of the species concept but serve as important lines of evidence relevant to assess the separation of lineages and therefore to species delimitation (de Queiroz, 2007) . The divorce between conceptualization and delimitation of species and the proposal of a unified species concept has shifted emphasis away from the controversy of species criteria, concentrating efforts in the development of new approaches for species delimitation, as for example with 'integrative taxonomy' (Dayrat, 2005; Cardoso, Serrano & Vogler, 2009; Padial et al., 2010) . The goal of integrative taxonomy is to delimit the units of biotic diversity from multiple and complementary disciplines (e.g. phylogeography, population genetics, comparative morphology, or ecology). Hence, molecular markers, population genetic tests, morphological features and ecological characteristics should be used as different complementary approaches to achieve reliable identifications of species. All sets of characters have the same weight during the process of recognizing and diagnosing species and the goal is to use as many as possible. Species delineation is therefore regarded as an objective scientific process that results in a taxonomic hypothesis. In this way, the level of confidence in the taxonomic hypothesis supported by several independent character sets is much higher than for species supported by only one (Schlick-Steiner et al., 2010) . Such an integrative view is especially useful in the case of taxonomic groups that are morphologically conservative such as the geckos (Jesus, Brehm & Harris, 2002) , where cryptic species have probably been overlooked .
Tarentola is a genus of the family Phyllodactylidae with around 20 species commonly called wall geckos. All have robust bodies, non-divided subdigital lamellae, and well-developed claws on the third and fourth digits (Arnold & Ovenden, 2002) and, with the only exception of Tarentola chazaliae (Mocquard, 1895) , have a conservative morphology (Joger, 1984a; Carranza et al., 2002; Harris et al., 2004) . These climbing geckos are mostly active by night and typically inhabit dry, open, rocky areas but also artificial habitats (Arnold & Ovenden, 2002) . The genus is distributed across southern Europe, Mediterranean islands, North Africa, and on many islands of the Macaronesian region, namely Madeira (including Selvagens), Canary Islands, and Cape Verde Islands (Arnold & Ovenden, 2002; Sindaco & Jeremčenko, 2008) . On the other side of the Atlantic Ocean, three species are accepted: T. americana (Gray, 1831) , from Cuba and the Bahamas; the recently described T. crombiei Díaz & Hedges, 2008 endemic to Cuba; and the probably extinct T. albertschwartzi Sprackland & Swinney, 1998 , known from a single specimen allegedly from Jamaica.
Tarentola members were divided into five different subgenera based on anatomical, biochemical, immunological, and phylogenetical data (Joger, 1984a; Carranza et al., 2000) : Sahelogecko and Saharogecko in North Africa; Tarentola sensu stricto in North Africa, southern Europe, and the eastern Canary Islands; Neotarentola, which includes T. americana, T. crombiei and T. albertschwartzi (Weiss & Hedges, 2007) ; and Makariogecko in the Macaronesian Islands (Carranza et al., 2000; Weiss & Hedges, 2007) . The subgenus Makariogecko presents a synapomorphy: the supraciliar scales are larger than the remaining interorbital scales and they are divided (Joger, 1984a) . Nevertheless, recent molecular phylogenies including Tarentola chazaliae (previously Geckonia chazaliae) do not seem to support the monophyly of this subgenus (Carranza et al., 2002) . Within this subgenus, the Tarentola from Cape Verde are especially interesting as they originated from a single colonization event by a propagule that rafted southwards from the western Canary Islands (Carranza et al., 2000) around 7.7 Mya (Vasconcelos, Carranza & Harris, 2010) .
The Cape Verde Islands are a volcanic archipelago located approximately 500 km off the West African coast with ten main islands, plus several islets, which are topologically divided into north-western, eastern and southern island groups (Fig. 1) . The radiation of the geckos after the single colonization event gave origin to four currently accepted endemic species with several subspecies, some of them exclusive to one of these island groups: T. darwini Joger 1984b, T. caboverdiana Schleich 1984 , T. rudis Boulenger, 1906 , and T. gigas (Bocage, 1875 . However, the most exhaustive recent revision regarding the genetic variability of Tarentola from the Cape Verde Islands using mitochondrial markers recovered 15 evolutionary significant units (ESUs) arranged into four main groups (Fig. 2; Vasconcelos et al., 2010 ) not completely congruent with the current taxonomy (Schleich, 1987; Joger, 1993) . The first group included all T. darwini plus T. rudis from Boavista, although both the bootstrap and posterior probability (PP) values were low; the second one grouped T. caboverdiana from São Vicente, Santa Luzia, Branco, Raso, and Santo Antão; the third one was exclusively formed by T. caboverdiana nicolauensis from São Nicolau; finally, the fourth group included the remaining T. rudis populations. From all the accepted Cape Verdean Tarentola, only T. gigas and T. darwini are monophyletic based on mitochondrial data (Fig. 2) , with T. rudis and T. caboverdiana being poly-and paraphyletic, respectively (Vasconcelos TAXONOMIC REVISION OF CAPE VERDEAN TARENTOLA 329 et al., 2010) . As a result, previous molecular phylogenetic studies have always stressed that a review of the systematics of the Cape Verdean Tarentola was needed (Carranza et al., 2000 (Carranza et al., , 2002 Vasconcelos et al., 2010) . In the case of T. rudis, the mitochondrial lineages of each subspecies (T. r. boavistensis, T. r. rudis, T. r. protogigas, and T. r. maioensis) seem to be quite divergent among them and from all other forms. Moreover, the T. r. boavistensis mitochondrial lineage is closer to the T. darwini clade than to the other clade containing the four remaining subspecies of T. rudis, and T. r. rudis forms a clade with T. gigas, turning T. rudis into a polyphyletic species. Also, T. 'caboverdiana' nicolauensis is more closely related to T. gigas and to the four subspecies of T. rudis (T. r. rudis, T. r. protogigas T. rudis hartogi, and T. r. maioensis) than to the other T. caboverdiana subspecies (see Vasconcelos et al., 2010) . As effective conservation measures depend largely on a good knowledge of the taxonomy of the species (Mace, 2004) , the present taxonomic revision is clearly needed not only to clarify the systematics of this group but also as a basic framework for the future conservation management of the Tarentola geckos from Cape Verde.
In order to describe new taxa, intraspecific variability should be studied and a taxonomic revision should be made, with all previous synonyms and chresonyms identified (Dayrat, 2005) . Genetic assessment regarding the Tarentola geckos of the Cape Verde Islands was accomplished in previous works (see Carranza et al., 2000; Vasconcelos et al., 2010) , although using only mitochondrial markers. Therefore, in the present work, information from mitochondrial DNA (mtDNA), three nuclear markers, and morphology is used following an 'integrative taxonomy' approach to revise the systematics of the genus Tarentola from the Cape Verde archipelago and to fully reconcile taxonomy with phylogeny. The results of this work are very relevant for a better understanding of diversity patterns, for providing new insight into evolutionary hypotheses, and for the conservation of this unique island radiation.
MATERIAL AND METHODS

ORIGIN OF TISSUE SAMPLES AND SPECIMENS
A total of 135 sequences of Cape Verdean Tarentola were included in the genetic analyses of the nuclear data and 92 in the multivariate morphological analysis. All specimens were identified in the field using diagnostic characters published by Joger (1984b Joger ( , 1993 and Schleich (1987) and a piece of tail was removed and stored in 96% ethanol. Before the animals were released, digital photographs (from dorsal, ventral, and lateral parts) were taken to qualitatively analyse the colour pattern characteristics that may disappear in preserved specimens and to perform pholidotic counts a posteriori. Then, 2051 of these photographs were deposited in MorphoBank (http://www.morphobank.org/; see Appendix 1). Vasconcelos et al. (2010) based on cytochrome b and 12S rRNA genes. The tree was inferred using maximum likelihood (ML) and GTR+I+G model of sequence evolution (log likelihood = -6468.896) and was rooted using Tarentola americana. Bootstrap support values above 60% for the ML analysis are shown below nodes. Posterior probability (PP) values higher than 95% for the Bayesian analysis are represented by an asterisk (*) and are shown above nodes. Names in bold follow the new taxonomic proposal and non-bold ones the taxonomy accepted in previous recent papers (Carranza et al., 2000; Jesus et al., 2002; Vasconcelos et al., 2010) . For further details see Vasconcelos et al. (2010) . Characters immediately to the right of island names correspond to the 15 evolutionarily significant units (ESUs) of A, B, C, and D clades recognized in the present work and represented in split green bars. Lines of evidence (in grey): 1, mitochondrial DNA (independent cyt b parsimony networks with a connection limit of 95%; see Appendix 3); 2, nuclear DNA (absence of shared haplotypes in MC1R); 3, morphology (detection of any diagnostic morphological character or a set of a unique combination of characters). Integration approaches (in red) from the most conservative to the most inflationist: ITC stands for integration by total congruence (all lines of evidence should be congruent), IPC stands for integration by partial congruence, retained in the present study (at least two lines of evidence are necessary); IC stands for integration by cumulation (one line of evidence is sufficient). Species are represented in split red bars and subspecies in yellow.
A total of 352 specimens of all taxa of Cape Verdean Tarentola were observed and/or measured and a total of 119 Cape Verdean voucher specimens of all taxa were also examined. Examined vouchers are deposited at the British Museum of Natural History (BMNH), London, at the Centre d'Ecologie Fonctionnelle et Evolutive, Montpellier, but previously housed at the Laboratoire de Biogéographie et Ecologie des Vertebrés collection (BEV), Departamento de Biología de la Universidad de Las Palmas de Gran Canaria (DBULPGC), and at the Museum National d'Histoire Naturelle (MNHN), Paris. Identification codes, localities, and GenBank and MorphoBank accession numbers of the live and voucher specimens examined are listed in Appendix 1. In addition, specimen data from other authors used in the taxonomic revision are included in the 'Additional material and references' section under each taxon and duly cited to be distinguished from data gathered on the present study. 
GENETIC ANALYSES
Total genomic DNA was extracted from small pieces of tail using standard methods. Three fragments of nuclear genes were analysed: phosducin (PDC), acetylcholinergic receptor M4 (ACM4), and melanocortin 1 receptor (MC1R). The sets of primers used were: PHOR1 and PHOF2, and Tg-F and Tg-R (Gamble et al., 2008) for the PDC and ACM4 fragments, respectively, and MC1R-F and MC1R-R (Pinho et al., 2010) for the MC1R fragment. For amplification of these three fragments, an initial denaturation step of 95°C for 90 s was used, followed by 35 cycles of 95°C for 30 s, 50°C (annealing temperature) for 45 s and 72°C (extending temperature) for 90 s, and a final extension at 72°C for 7 min. Amplified nuclear DNA (nDNA) fragments were sequenced from both strands with the same primers used in the amplification process. Sequences were aligned manually using BIOEDIT v.7.0.4. (Hall, 1999) . The Bayesian algorithm implemented in the program PHASE 2.1.1 (Stephens, Smith & Donnelly, 2001 ) was used to reconstruct haplotypes from population genotyped data. Sequence pairs with probability lower than 0.7 were not included in posterior analyses.
POPULATION ANALYSES
The genealogical relationships between taxa were assessed with haplotype networks constructed using statistical parsimony (Templeton, Crandall & Sing, 1992) , implemented in the program TCS v.1.21 (Clement, Posada & Crandall, 2000) , with a connection limit of 95%. Haplotypes were then arranged in groups based on the 15 ESUs recovered in the mitochondrial study by Vasconcelos et al. (2010) . Genetic differentiation between ESUs for the three nuclear genes was calculated using the nearest neighbour statistic, Snn (Hudson, 2000) , implemented in the program DnaSP v.5 (Rozas et al., 2003) and tested with 1000 permutations. Additionally, estimates of evolutionary divergence (p-dist) over 302 bp of cytochrome b (cyt b) sequences among the 15 ESUs were calculated with MEGA4 (Tamura et al., 2007) . All cyt b sequences used (GenBank accession numbers Q380699-Q381129) were from Vasconcelos et al. (2010) .
The IMa software (Hey & Nielsen, 2007) , which takes into account population divergence and gene flow in the same framework, was used to disentangle the relative effects of isolation and migration in shaping the patterns of variation among diverging very similar species occurring on the same island and sharing nuclear haplotypes, as was the case of the two Tarentola from S. Nicolau. This software uses a Markov Chain Monte Carlo (MCMC) sampling of gene genealogies to PP distributions of rates of migration in either direction (m 1 and m2) and time of divergence (t), among other parameters. The assumption made by IMa of no recombination was tested with DnaSP v.5 (Rozas et al., 2003) coalescent simulations. After two experimental runs to assess appropriate parameter settings and ensure proper mixing, IMa was run three times for the two-species data set for 50 million steps along the Markov Chain after 10 million steps of burn-in with ten Metropolis-coupled chains with linear heating. The mixing properties of the MCMC were checked by monitoring the values of the parameters and the trend-line plots of the parameters.
MORPHOLOGICAL ANALYSES
A multivariate analysis of the three populations previously described as T. 'darwini' from the islands of Fogo, S. Nicolau, and Santiago (Fig. 2 ) was performed to assess if diversity existed and, if so, which level of morphological distinctiveness these populations presented. Several morphological characters from 153 individuals (ind.) of other groups were also measured to disentangle complex relationships detected at the mitochondrial level, such as between T. protogigas from Fogo and Brava islands (Appendix 2).
As fixation and preservation in museums may deform bodies or some body parts, hampering the comparison with live specimens (Vervust, Dongen & Van Damme, 2009) , no vouchers were included in this analysis, and only live adult specimens that had been genetically confirmed using the cyt b mitochondrial marker were used. Sex was determined by the presence of enlarged spurs and more developed cloacal pouches in males (Barbadillo et al., 1999) and by their larger body size and robustness (Arnold & Ovenden, 2002) . Details on the live specimens analysed are listed in Appendix 1. Morphological variation was assessed using both morphometric and meristic variables (14 linear body measurements and seven pholidotic variables, respectively). Bilateral variables (Table 1 and Appendix 2) were taken from the same side of the animals whenever possible.
All 14 linear body measurements were recorded in the field by the same person (A.P.) using a ruler (for snout-vent length, SVL, with accuracy to the nearest 0.1 mm) and a digital calliper (all the remaining variables with accuracy to the nearest 0.01 mm) and were expressed in millimetres. Trunk length (TrL) was measured from the posterior edge of forelimb insertion to the anterior edge of hindlimb insertion and the tail width (TW) was recorded at its widest point. The total lengths of front (FLL) and hindlimbs (HLL) from the longest toe to the base of the limb were measured. Also, the partial lengths of front (CFL) and hind (FFL) limbs were measured from the tip of the longest toe to the elbow or knee inflexion point, respectively. Head width (HW) was measured at its widest part, usually at the level of the temporal region, and maximum head height (HH) was measured from occiput to jaws. Ear length (EL) and eye diameter (OD) were considered the longest dimension of ear and ocular orbit, respectively. Nostril-eye (NED) and snout-eye distances (SED) were measured from the anterior border of the ocular orbit to the posterior margin of the right nostril and snout, respectively. Ear-eye distance (EED) was measured from the anterior border of the ear to the posterior border of the ocular orbit.
Pholidotic (meristic) variables recorded included the number of supra-and infra-labial scales (SLS and ILS, respectively) counted until the limit of the mouth opening, and the number of non-divided, enlarged side-to-side lamellae under the fourth hind toe (Lam). The number of transverse (Trow and Srow) and longitudinal (Tline and medS) tubercles and scales in the dorsum, respectively, were counted paramedially. The number of small scale rows (Srow) in the vertebral line was counted in the midbody, in a midline between the front and hindlimbs, between the upper and lower rows of tubercles. The number of small scales lines (medS) was estimated by the mean number of scales between tubercles on the intersection of the midbody line with the vertebral line.
Prior to the analysis, linear measurements were log transformed and checked for homoscedasticity (Lillieford test) and normality (Levene test). As linear body measurements are correlated with body size (P < 0.05 in all cases), body-size-corrected variables were estimated using an isometric correction (Somers, 1986 ) to investigate the existence of possible differentiation patterns not related to body size. For this, an isometric vector was created in which all linear measurements (log transformed) were projected, in order to obtain a multivariate representation of the isometric size of each individual (SIZE). After that, each variable was regressed on this isometric vector. The obtained residuals for each variable were used as size-corrected variables (Kaliontzopoulou, Carretero & Llorente, 2010) . The multivariate representation of the isometric size (SIZE) was used as size estimator, while the remaining size-corrected variables were considered as shape estimators.
MANOVAs were used to analyse the effect of sex, population, and their interaction (sex*population) on all linear (both sets, raw log-transformed and sizecorrected) and pholidotic variables.
To assess the generalised morphological patterns within the different populations previously assigned as T. 'darwini', a stepwise Canonical Discriminant Function Analysis (CDFA) was performed on all meristic and size-corrected linear variables. Due to the different degree of sexual dimorphism observed between populations in some of the variables, multivariate analysis was performed on males and females separately. This multivariate approach maximizes differences between a priori defined groups from different island populations (mtDNA clades A2-A4) and classifies the individuals based on CDFs. Only 30 of the 88 individuals from Santiago were randomly included in the analyses to avoid bias of results due to uneven samples sizes. The leave-one-out option was implemented to cross-validate the classification results. As this procedure generates individual classifications using discriminant functions based on all observations except the given case, it provides a more accurate estimate of the classification values. Statistical analyses were performed using R (R Development Core Team, 2010).
INTEGRATIVE APPROACH
For consistency, the same approach used in the taxonomic revision of the endemic Cape Verdean skink genus Chioninia was followed in this study. The mitochondrial phylogenetic tree ( Fig. 2) adapted from Vasconcelos et al. (2010) was used as a framework to investigate the taxonomy of the Cape Verdean Tarentola. Three lines of evidence have been defined on the basis of the alleged independence of their respective data sets (mtDNA, nDNA, and morphology) to decide the taxonomic status of each ESU (see Fig. 2 ). Each of these lines represents equivalent, independent, and combinable indicators able to detect splits between different species: (1) mtDNA -presence of independent cyt b parsimony networks with a connection limit of 95% (see Hart & Sunday, 2007) . The results of the cyt b networks analyses are from Vasconcelos et al. (2010) and are presented in Appendix 3. (2) nDNA -absence of shared haplotypes in the MC1R nuclear gene (see Monaghan et al., 2009 (Wiens & Servedio, 2000) . Different possible integration approaches are presented in Figure 2 , ranging from the most conservative to the most inflationist. Integration by total congruence (ITC) was achieved by retaining only the candidate species that are supported by all the three lines of evidence, whereas integration by cumulation (IC) was calculated considering that one line of For each variable, mean ± standard deviation (SD), range, and sample size (N) is given.
evidence was sufficient for splitting taxa. However, both methods have a tendency to under-and overestimate the number of species, respectively (see Padial et al., 2010) . Hence, a third approach was defined, integration by partial congruence (IPC), which is intermediate between the two previous ones, as it retains only candidate species that are supported by at least two independent lines of evidence. This approach does not preclude the discovery of species supported by only one line of evidence. Also, as in Miralles et al. (2010) , splits supported by only one of these three lines of evidence within infraspecific allopatric ESUs have been considered as different subspecies.
RESULTS
MOLECULAR DATA
The PDC and ACM4 networks recovered similar genealogies, with a similar number of haplotypes (13 and 14, respectively; Fig. 3 ) and a different topology to the one recovered with the MC1R fragment. PDC and ACM4 network analyses recovered the central and most common haplotype as the ancestral one, shared by many different taxa and surrounded by several singletons for most of the taxa groups. The only three exceptions were found in the PDC gene, which presented three non-ancestral haplotypes shared by geckos from S. Vicente and Santo Antão, specimens of lineage D3 and D4 from Fogo and Brava, respectively, and another one by some specimens from lineages A2 and C from S. Nicolau (see Fig. 3 ). On the other hand, the MC1R network recovered a greater number of haplotypes, 36 (including 23 for the same individuals sequenced for the other genes), and an increased level of substructuring among taxa, especially for each of the three Tarentola from clade B that do not share haplotypes and for the endemic Tarentola from Boavista and T. darwini from Santiago (lineages A1 and A4 in Fig. 2 , respectively; see Fig. 3 ). As expected from the results of the other two nuclear markers, MC1R also presents some sharing of ancestral haplotypes between specimens from S. Nicolau and Fogo (lineages A2 and A3 in Fig. 2 , respectively) and also between most of the specimens analysed from the two species from S. Nicolau (lineages A2 and C in Fig. 2 ) and some T. caboverdiana specimens from Santo Antão, T. gigas specimens from Raso, and T. protogigas specimens from Brava and Fogo (lineages B3, D1, D3, and D4 in Fig. 2 , respectively; see Fig. 3 ). Moreover, some recent haplotypes were shared by all specimens of T. rudis from Santiago and the Tarentola from Maio and by T. protogigas specimens from Fogo and Brava, respectively. Three independent runs using IMa software converged on approximate marginal PP distributions.
Reliable estimates of m 1, m2, and t between the two Tarentola taxa occurring on S. Nicolau were obtained to study the introgression versus ancestral polymorphism hypotheses. The migration rate curves presented a clear peak although their tails did not reach zero, suggesting a high probability of no gene flow in either direction between these two populations and of t differing from zero (see Appendix 4). This t-value suggests that these two ESUs have indeed diverged.
MORPHOLOGICAL DATA
In general, males and females were different in size (MANOVA P < 0.001) but not in shape or pholidosis (in both cases MANOVA P > 0.05), while the three populations (A2, A3, and A4) compared were different in all the datasets analysed (size, shape, and pholidosis, in almost all cases MANOVA P < 0.001; see Table 2 ). Populations had a similar degree of sexual dimorphism (interaction sex*population) in pholidosis and shape (MANOVAs P > 0.005 in both cases), but not in size (MANOVA P < 0.01; see Table 2 ).
Regarding the linear measurements, the ANOVA using raw log-transformed variables showed a clear sexual dimorphism in all the variables, except in OD (Table 2) . However, such differences largely disappeared when body size-corrected variables were compared, with the exception of TW and OD (Table 2) . Regarding the differences between the three populations compared, most raw log-transformed variables were significantly different, even after correcting them for body size ( Table 2 ). The sex*population interaction was significant for most of the characters using log-transformed but not sizecorrected variables. So, all raw log variables with the exception of FLL, CFL, and EL were significant, but almost (with the exception of OD) all differences disappeared when considering size-corrected variables (Table 2) .
Regarding the meristic variables, males and females only differed in the number of dorsal transverse rows of tubercles (Trow; Tables 1 and 2, Appendix 2). All meristic variables, with the exception of Trow and Srow, were statistically different between populations (Table 2 ). However, all scale counts, with the exception of ILS and Srow, did not differ when the sex*population interaction was considered ( Table 2) .
The stepwise CDFA based on SIZE, shape, and pholidosis showed good discrimination among the three populations analysed. The first canonical discriminant function (CDF1) explained 66 and 76% of the variation in males and females, respectively (Table 3 ). The variables contributing most were TW and HLL in males and TW, OD, and EL in females (Table 3) . Regarding CDF2 (34 and 24% of the male and female variation, respectively), OD and SIZE in males and TW, SLS, and OD in females were the most important variables (Table 3 ). The graphical representation of the factor scores across the two CDF axes showed a good separation of the three populations (Fig. 4) . These results are confirmed by the classification scores obtained, with 92.0% males and 90.5% females correctly assigned to their populations (Table 4 ). In males, the population from S. Nicolau was the best discriminated (94.7% of the individuals correctly classified), while the species from Fogo (Table 4) presented the lowest classification score, although the values were still high (87.5%). Regarding females, the population from S. Nicolau had the highest score (100%), while T. darwini from Santiago had the lowest (80.0%, Table 4 ).
INTEGRATIVE APPROACH
The IPC protocol recognizes the existence of 12 species within the Cape Verdean Tarentola (Fig. 2) . The distinctiveness of two species is supported by all lines of evidence, eight species are supported by two, and two are exceptionally supported by one (see Discussion for details). Also, two subspecies supported by a single line of evidence are recognized for two out of the 12 species. Based on these results, a new taxonomy for the genus Tarentola from Cape Verde is proposed below. The different taxa are described following the order of the phylogenetic tree presented in Figure 2 (from top to bottom). Schleich, 1996: 125; Andreone, 2000: 21, 25; Carranza et al., 2000: 641; Köhler & Güsten, 2007: 279 Loveridge, 1947: 334 (part.) ; Schleich, 1982a: 246 (part.) Tarentola delalandii : Angel, 1937 : Angel, : 1695 Diagnosis: Medium to large-sized gecko (maximum SVL 79.0 mm, 65.2 mm on average; cf. Appendix 2); eye/ear opening ratio averages 1.59; ear-eye/eyesnout distance ratio averages 0.83. Eight to 11 supralabials; seven to nine infralabials; nine to ten enlarged lamellae under the 4th finger; 112-143 midbody scales (Joger, 1993) ; narrow central keeled dorsal tubercles ( Fig. 5A1 ) with 20-24 midbody longitudinal lines and 14-18 transverse rows; prominent tubercle above and anterior to the ear opening. Light orangey or yellowish to pinkish grey dorsal coloration slightly translucent with reduced pattern in adults (Figs 6A1, 7A1) and whitish below. A light vertebral stripe, interrupted or complete, appears on most individuals. Eye iris generally orange to orangey brown, contrasting with the rest of the head coloration. Juveniles with black tails with strongly marked white stripes. Most specimens with thin brown streaks arranged in different angles in front of and behind the ear. First supra-and infralabials white followed by labials with very dark spots.
It differs from other taxa from clade A by presenting keeled dorsal tubercles and having an orangey, yellowish to pinkish grey dorsal coloration that is slightly translucent, and an orangey eye iris. It differs from T. caboverdiana, clade B, and clade C by having a light, reduced dorsal pattern. It differs from T. gigas by having smaller SVL and from T. 'rudis' from Santiago, Fogo, Brava, Rombos, and Maio (taxa from clade D), by having a lower midbody scale count (112-143) but a higher number of interorbital scales (19) (20) (21) (22) (Joger, 1993) .
Genetic and phylogeographical remarks:
Tarentola boavistensis is monophyletic and phylogenetically not related to T. 'rudis' as it branches in a completely different clade (Fig. 2) . It also shows a high level of genetic divergence compared with its sister taxa from clade A: A1-A2, A1-A3 and A1-A4 p-dist (cyt b) = 9.0 ± 1.5, 9.8 ± 1.6, and 10.7 ± 1.6%, respectively ( Table 5 ). The Snn test values for PDC, ACM4, and MC1R performed with its sister taxa are all significant (Appendix 5). According to the presently selected (Schleich, 1996) .
Tarentola darwini Joger, 1984b Joger, : 96 (part.), 1993 ; Schleich, 1996: 125 (part Specimens examined: 40 live specimens and four voucher specimens (Appendix 1). Joger (1984b: 96) refers to ZSM 138/1981 (three individuals, two doubtful, S. Nicolau, unknown locality).
Additional material and references:
Diagnosis: Medium-sized gecko (maximum SVL 65.5 mm, 58.2 mm on average; Table 1 ); eye/ear opening ratio averages 1.37; ear-eye/eye-snout distance ratio averages 0.80. Ten to 13 supralabials; eight to ten infralabials; eight to ten enlarged lamellae under the 4th finger; 122-146 midbody scales (Joger, 1984b) ; slightly keeled rounded dorsal tubercles ( Fig. 5A2 ) with 17-24 midbody longitudinal lines and 14-18 transverse rows; no enlarged tubercles between the eye and the ear opening.
Dorsal parts grey or greyish with four to six transverse bands generally asymmetrical and frequently Y-shaped on the flanks (Figs 6A2, 7A2), most of the dorsal tubercles darker than the ground colour while several other tubercles white, especially in subadults and young specimens, well-defined vertebral line without tubercles; pileus almost uniform contrasting with densely marked dorsum, two longitudinal light bands from snout to eye; labials and sides of the throat uniformly whitish or yellowish, without dark stains; eye iris blackish or dark brown. It is characterized by the same general features as T. darwini (not presenting enlarged tubercles between the eye and ear opening and not strongly keeled dorsal tubercles), but in comparison with taxa from clade A3 and A4 by having, relative to SVL, a shorter trunk length (22.2 mm on average; Table 1 ), larger ear opening, base of the tail proportionally wider, distance between nostrils or snout tip and eye significantly shorter, higher average number of small scales between dorsal tubercles (2.1 versus 1.6 for both A3 and A4 lineages; Table 1 ), profile of the forehead more concave, ventral part more yellowish, and subdigital lamellae more grey than taxa from clade A3 and A4. In comparison with the strongly resembling Tarentola from clade C living on the same island, dorsal tubercles are less keeled and more rounded (Fig. 5) , white tubercles are less numerous, not transversally aligned and usually placed on the flanks, and iris more uniformly dark.
Etymology:
The species epithet is a genitive Latin noun to honour J. V. Barbosa du Bocage, one of the first naturalists to study the reptiles from the Cape Verde Islands.
Genetic and phylogeographic remarks: Tarentola bocagei is monophyletic (Fig. 2) in the mitochondrial phylogeny and presents a high level of genetic 
R. VASCONCELOS ET AL.
divergence when compared with its sister taxa: A2-A1, A2-A3, A2-A4 p-dist (cyt b) = 9.0 ± 1.5, 9.0 ± 1.5, and 10.1 ± 1.6%, respectively ( Table 5) 
Description of the holotype:
A male gecko having the following morphometric features: SVL 63 mm, head 19.8 long, 13.7 mm wide, 8.29 mm high from occiput to jaws, distance between anterior eye and snout tip 5.1 mm, distance between anterior ear and posterior eye 6.13 mm, nostril-eye distance 16.69 mm, greatest orbital diameter 4.02 mm, longest dimension of ear 2.89 mm, total forelimb length 19.87 mm, crus forelimb length from base of palm to elbow 12.23 mm, hindlimb length 25.57 mm, crus length from base of heel to knee 14.49 mm, partially regenerated tail 55.5 mm long (tip of the tail cut for DNA analyses) and 7.69 mm wide at widest point. Dorsal tubercles slightly longer than wider, with one longitudinal smooth but well-defined keel, a straight vertebral line without tubercles of about three small scales wide, 14 longitudinal rows of dorsal tubercles at midbody, 19 tubercles along the vertebral line, these tubercles separated on average by 2.25 small scales, 11 supralabials on the left side, ten supralabials on the right side, eight infralabials on the left and right side, 44 gular scales counted from a line between the anterior margins of the ear openings to the mental scale, nine enlarged lamellae under the fourth fingers, nine enlarged lamellae under the fourth toes, 22 interorbital scales, nostrils in contact with rostral, the first supralabial and the three nasals, nasal scales separated by one scale, six tubercles on each verticillum.
Colour in live specimen: mid-grey on the dorsum with four dark transverse bands, the third and fourth indistinct Y-shaped on the flanks, pileus with indistinct darker marks on the back, iris eyes blackish, scales bordering the anterior part of the eye light yellow, two longitudinal dark-faded stripes from snout to eye and one from snout to superior part of the ear opening enclosing a lighter stripe on each side; the six firsts supralabials yellowish, the four posterior ones whitish; lighter not well-marked vertebral line, most of the dorsal tubercles darker than ground colour, except 47 whitish ones, all dorsal tubercles and small scales dark dotted; upper part of the tail with three whitish transverse bands with lighter grey marks; ventral parts white-yellowish becoming yellow on the back; subdigital lamellae greyish. GenBank accession code JN185934. The number of base differences per site from averaging over all sequence pairs between groups is shown (p-dist). All results are based on the pairwise analysis of 459 sequences. Standard error estimates are shown in italic and were obtained by a bootstrap procedure (1000 replicates). Analyses were conducted in MEGA4. All positions containing gaps and missing data were eliminated from the dataset. There were a total of 302 positions in the final dataset. Diagnosis: Medium-sized gecko (maximum SVL 69.5 mm, 59.0 mm on average; Table 1 ); eye/ear opening ratio averages 1.46; ear-eye/eye-snout distance ratio averages 0.73. Ten to 12 supralabials; eight to 11 infralabials; nine to 11 enlarged lamellae under the 4th finger; 137-148 midbody scales (Joger, 1984b) ; small numerous smooth, rounded dorsal tubercles ( Fig. 5A3 ) with 20-27 midbody longitudinal lines and 14-18 transverse rows; absence of enlarged tubercles between the eye and the ear opening. Dorsal parts grey or greyish and generally without a distinct vertebral stripe, with usually five transverse bands, indistinct or not, and sometimes Y-shaped on the flanks and sometimes forming one X-shape on the midbody ( Figs 6A3, 7A3) ; two longitudinal faded light bands from snout to eye; ventral parts whitish or slightly yellowish; labials and sides of the throat with generally numerous dark stains; eye iris blackish and slightly golden on the upperparts.
It is characterized by the same general features of T. darwini (not presenting enlarged tubercles between the eye and ear opening and not strongly keeled dorsal tubercles), but differs from T. darwini from Santiago and T. bocagei by having, relative to SVL, a narrower tail, limbs considerably longer, distance between nostrils and eye proportionally longer, profile of the forehead not concave. Certain individuals present a dark ring mark at the back, not observed in any other Cape Verdean Tarentola; vertebral line absent or less defined than in T. bocagei; pileus frequently vermiculate or marbled (more uniform in T. bocagei), sometimes ventral parts slightly yellowish but less than in T. bocagei and subdigital lamellae whiter.
Etymology:
The species epithet is an adjective that refers to the island where the taxon is found, Fogo.
Genetic and phylogeographical remarks: T. fogoensis is monophyletic (Fig. 2) and presents a high level of genetic divergence when compared with T. boavistensis, T. bocagei, and T. darwini from Santiago: A3-A1, A3-A2 and A3-A4 p-dist (cyt b) = 9.8 ± 1.6, 9.0 ± 1.5, and 8.1 ± 1.4%, respectively (Table 5 ). The Snn test values for PDC, ACM4, and MC1R are all significant among this clade (Appendix 5). According to the presently selected protocol of integration (IPC), a minimum of two lines of evidence clearly support the differentiation of T. fogoensis from other taxa from clade A and from all other Tarentola from Cape Verde (see Figs 2-4 and Appendix 3). Consequently, this taxon is considered a distinct species.
Distribution: Fogo Island, Cape Verde.
Description of the holotype:
A male gecko having the following morphometric features: SVL in alcohol 61 mm, head 21.0 long, 14.6 mm wide, 8.9 mm high from occiput to jaws, distance between anterior eye and snout tip 7.9 mm, distance between anterior ear and posterior eye 6.8 mm, greatest orbital diameter 3.6 mm, longest dimension of ear 1.9 mm, forelimb length 17.8 mm, forelimb length from base of palm to elbow 10.6 mm, hindlimb length 21.9 mm, crus length from base of heel to knee 11.0 mm, tail regenerated (tip of the tail cut for DNA analyses), 8.3 mm wide at widest point. Dorsal tubercles slightly longer than wider, smooth and not keeled, not distinct vertebral line, 14 longitudinal rows of dorsal tubercles at midbody, 26 tubercles along the vertebral line, these tubercles separated on average by 1.5 small scales, nine supralabials on the left side, eight supralabials on the right side, six infralabials on the left and right side, 42 gular scales counted from a line between the anterior margins of the ear openings to the mental scale, nine enlarged lamellae under the fourth fingers, ten enlarged lamellae under the fourth toes, 20 interorbital scales, nostrils in contact with rostral, the first supralabial and the three nasals, nasal scales separated by one scale, four to six tubercles on each verticillium. Colour in preserved specimen: mid-grey on the dorsum with five dark asymmetric transverse bands, the third and fourth fusing into a X-shape on the vertebral region, pileus with transverse darker mark on the nape of the neck enclosing a distinct ring, scales bordering the anterior part of the eye lighter, supralabials grey light, dorsal tubercles with same colour as ground, all dorsal tubercles and small scales dark dotted, original part of tail with two darker marks at the base, regenerated part uniformly grey; ventral parts dirty whitish.
Conservation status: Listed as Low Risk under the criteria of the First Red List of Cape Verde (Schleich, 1996) . Loveridge, 1947: 334 (part.) Tarentola delalandii rudis: Mertens, 1954 : 6 (part.) Tarentola sp. Schleich, 1982a Schleich, : 246, 1984 102 Tarentola delalandii boettgeri: Schleich, 1984: 102 Specimens examined: 88 live specimens and 21 voucher specimens (Appendix 1).
Additional material and references: Schleich (1984 Schleich ( : 102, 1987 It differs from T. boavistensis, from clade A, and taxa from clades B, C, and D by the diffuse dorsal pattern instead of composed of three to five dark or light symmetrical cross marks or pattern of bands. Moreover, it also differs from T. boavistensis and from taxa from clade D by not presenting enlarged tubercles between the eye and ear opening or strongly keeled dorsal tubercles. Instead it has smooth, flat oval to round tubercles with aligned cilia that produce a 'silky' silver-grey dorsal aspect (Schleich, 1987) . It differs from T. bocagei and T. fogoensis by presenting, relative to SVL, an intermediate tail width at its widest point and snout-eye distance; orbital diameter and the longest dimension of the ear smaller. It has comparatively fewer supralabial scales.
Genetic and phylogeographical remarks: Tarentola darwini is monophyletic (Fig. 2) and presents a high level of genetic divergence when compared with its sister taxa from clade A, T. boavistensis, T. fogoensis, and T. bocagei: A4-A1, A4-A2, and A4-A3 p-dist (cyt b) = 10.7 ± 1.6, 10.1 ± 1.6, and 8.1 ± 1.4%, respectively (Table 5 ). The Snn test values for PDC, ACM4, and MC1R are all significant among this clade (Appendix 5). According to the presently selected protocol of integration (IPC), all lines of evidence clearly support the differentiation of T. darwini from other taxa from clade A and from all other Tarentola from Cape Verde (see Figs 2-4 and Appendix 3). Consequently, this taxon is considered a distinct species.
Distribution: Santiago Island, Cape Verde.
Conservation status: Listed as Indeterminate under the criteria of the First Red List of Cape Verde (Schleich, 1996) . 1935.5.11.1-8, 1922.11.23.11, 1970.2424-25 ; all from S. Vicente, unknown locality); Schleich, 1987: 46; Joger, 1993: 438; Schleich, 1996: 124; Andreone, 2000: 21, 25; Carranza et al., 2000: 641; Carranza et al., 2002: 247; Jesus et al., 2002: 49 /2.12.1953, 9./11.3.1954 (S. Vicente, Ribeira Julião); Schleich (1984 Schleich ( : 98, 1987 to ZSM 371/78; 01-10.140/81 (S. Vicente, 3 km west from Madeiral); Joger (1993: 438) to RMNH 24118-122 (S. Vicente, S. Pedro Bay), HLMW 3279 (S. Vicente, airport); Andreone (2000: 21, 25) to MSNG 29221, MSNG 36007 (seven and five individuals, respectively, S. Vicente, Mindelo) and MZUT R2555, R3233 (S. Vicente, unknown locality); Carranza et al. (2000: 641; 2002: 247) to BMNH 1998.364 (S. Vicente, Baía das Gatas), and Jesus et al. (2002: 49) to CCBG T23891-T23892 (S. Vicente, Madeiral).
Diagnosis: Medium-sized gecko (maximum SVL 65.5 mm, 51.6 mm on average), eye/ear opening ratio between 1.5 and 2 (Schleich, 1987) ; ear-eye/eye-snout distance ratio Յ 1 (Schleich, 1987) . Eight to 11 supralabials and seven to nine infralabials (Schleich, 1987) ; eight to nine enlarged lamellae under the 4th finger; 146-167 midbody scales (Joger, 1984b) ; oval to round conical and saddle-like more-or-less keeled dorsal tubercles (Fig. 5B1 ) with 14-20 longitudinal lines (Schleich, 1987) ; no tubercles between the eye and the ear opening. Dorsal pattern with symmetrical butterfly-or X-shaped dark dorsal cross bands often lined with whitish tubercles posteriorly; vertebral stripe absent or reduced to a narrow light line ( Figs 6B1, 7B1) ; cream to yellowish ventral parts; generally white labials; blackish eye iris with golden upperparts.
Smaller scales than the other Tarentola species from clades B and C, and greater number of scales around midbody (Joger, 1984b) . It differs from Tarentola from clade B from Desertas (clade B2 in Fig. 2 ) by its larger SVL and higher number of dorsal bands; four to five from the neck to the caudal region sometimes surrounded by white tubercles (Joger, 1984b) ; and from Tarentola from Santo Antão (clade B3 in Fig. 2 ) by the head length being longer than the anterior limbs and by presenting a higher number of interorbital scales, usually 21 or more, and from specimens from clade C by a lower number of scales and lamellae under the fifth toe (Joger, 1984b) . Genetic and phylogeographic remarks: Tarentola substituta is monophyletic in the mtDNA tree from Figure 2 , although levels of support are low. Genetic divergence among taxa within clade B is lower than among members of clade A and D: B1-B2, B1-B3 and B2-B3 p-dist (cyt b) = 0.9 ± 0.4, 2.2 ± 0.7, and 2.8 ± 0.8%, respectively (Table 5) Diagnosis: Smallest Cape Verdean wall-gecko (maximum SVL <60 mm, on average 49.3 mm; Appendix 2), eye/ear opening ratio > 2 (Schleich, 1987) ; eareye/eye-snout distance ratio clearly Յ 1 (Schleich, 1987) . Nine to 11 supralabials (often ten) and seven to nine infralabials (often eight or nine) (Schleich, 1987) ; seven to ten enlarged lamellae under the 4th finger; 116-156 midbody scales (Joger, 1984b) ; oval to round conical and saddle-like more-or-less keeled dorsal tubercles ( Fig. 5B2 ) with 16-18 longitudinal lines (Schleich, 1987) ; no tubercles between the eye and the ear opening. Snout particularly pointed and forehead concave. Dorsal pattern with only three (sometimes four) symmetrical butterfly-or X-shaped broad dark dorsal crossbands often lined with whitish tubercles posteriorly ( Figs 6B2, 7B2) ; light grey or beige to dark brown olive dorsal parts and cream to yellowish ventral parts; generally white labials; eye iris dark golden with a broad black horizontal band. Besides its smaller size, it has narrower fingers, smaller number of lamellae under the first toe, and smaller number of gular scales than other Tarentola from clade B (Joger, 1984b) ; usually only three dorsal transverse bands (Joger, 1984b) .
Distribution: Santa Luzia Island, Raso and Branco Islet, Cape Verde.
Genetic and phylogeographical remarks: Tarentola raziana is monophyletic in the mtDNA tree from Figure 2 , although levels of support are low. Genetic divergence among taxa within clade B is lower than among members of clades A and D: B1-B2, B1-B3, and B2-B3 p-dist (cyt b) = 0.9 ± 0.4, 2.2 ± 0.7, and 2.8 ± 0.8%, respectively ( (Schleich, 1996) . Considered as Low Risk on Santa Luzia Island and as Rare on Raso Islet under this same criteria (Schleich, 1996 (Joger, 1993) , 56.7 mm on average; Appendix 2], eye/ear opening ratio between 1.5 and 2 (Schleich, 1987) ; ear-eye/eye-snout distance ratio Յ 1 (Schleich, 1987) . Nine to 13 supralabials and seven to ten infralabials (Schleich, 1987) ; eight to ten enlarged lamellae under the 4th finger; 116-150 midbody scales (Joger, 1984b) ; oval to round conical and saddle-like more-or-less keeled dorsal tubercles ( Fig. 5B3 ) with 14-16 (often 16) longitudinal lines (Schleich, 1987) ; no tubercles between the eye and the ear opening. Dorsal pattern with symmetrical butterfly-or X-shaped dark dorsal crossbands often lined with whitish tubercles posteriorly; vertebral stripe frequently present, but narrow and indistinct ( Figs 6B3, 7B3) ; cream to yellow ventral parts; generally white labials; eye iris blackish.
It differs from other Tarentola from clades B and C by its tail length, which is smaller than SVL (Schleich, 1984) . It differs from T. raziana by its larger SVL and higher number of dorsal bands; from T. substituta by its lower number of interorbital scales and by the head length being comparatively shorter than hindlimb length (Joger, 1984b) . It differs from specimens from clade C by having a lower number of lamellae under the fifth toe (Joger, 1984b) .
Distribution: Santo Antão Island, Cape Verde.
Genetic and phylogeographic remarks: Tarentola caboverdiana is monophyletic in the mtDNA tree (Fig. 2) . Genetic divergence among taxa within clade B is lower than among members of clades A and D:
B1-B2, B1-B3, and B2-B3 p-dist (cyt b) = 0.9 ± 0.4, 2.2 ± 0.7, and 2.8 ± 0.8%, respectively ( Joger, 1984b: 104; Schleich 1987: 43; Joger 1993: 443; Schleich 1996: 124; Andreone 2000: 21, 25; Carranza et al. 2000: 641; Jesus et al. 2002: 49; López-Jurado et al. 2005: 101; Frazen & Glaw 2007: 219; Köhler et al. 2007: 76. Specimens examined: 39 live specimens and seven voucher specimens (Appendix 1). Bocage (1902: 209) refers to specimens from GA (S. Nicolau, Vila da Ribeira Brava, collected by F. Newton in 1901 and lost during a fire); Mertens (1954: 6, 7) Diagnosis: Medium-sized gecko (maximum SVL 71.0 mm, 58.6 mm on average; Appendix 2); eye/ear opening ratio averages 1.53; ear-eye/eye-snout distance ratio averages 0.79. Nine to 12 supralabials; eight to ten infralabials; eight to 11 enlarged lamellae under the 4th finger; 133-155 midbody scales (Joger, 1984b) ; oblong asymmetrical angled dorsal tubercles ( Fig. 5C ) with 18-26 midbody longitudinal lines and 14-18 transverse rows (Schleich, 1987) ; no enlarged tubercles between the eye and the ear opening. Dorsal pattern greyish, presenting five clear symmetrical butterfly-or X-shaped dark dorsal crossbands often lined with whitish tubercles posteriorly ( Figs 6C, 7C) ; white to yellowish light ventral parts; uniformly white labials; dark eye iris with golden upperparts.
Additional material and references:
It differs from T. boavistensis, T. bocagei, T. fogoensis, and T. darwini, species from clade A, by butterflyor X-shaped dorsal pattern and from all the species from clade D, and T. boavistensis by not having enlarged tubercles between the eye and ear opening. It differs from T. caboverdiana and T. substituta by a higher number of lamellae under the fourth and fifth toe (Joger, 1984b) and also from T. bocagei by generally presenting oblong apical tubercles (Schleich, 1987 ; this study). Finally, it differs from T. raziana by having a more massive head and a higher number of crossbands (generally five) on the dorsum.
Distribution: West and central part of S. Nicolau Island, Cape Verde. (Fig. 2) and shows a high level of genetic divergence with species from clade B, T. substituta, T. raziana, and T. caboverdiana, within which it was included before the present taxonomic revision: C-B1, C-B2 and C-B3 p-dist (cyt b) ª 7.1 ± 1.4%, and with T. bocagei, C-A2 p-dist (cyt b) = 9.7 ± 1.5% (Table 5) (Schleich, 1996) .
Genetic and phylogeographical remarks: Tarentola nicolauensis is monophyletic
TARENTOLA GIGAS (BOCAGE, 1875)
Diagnosis: Giant gecko with SVL above 100 mm [maximum SVL 155 mm (Bocage, 1896), 103.6 mm on average; (Schleich, 1987) ]; eye/ear opening ratio 1.5-2.0 (Schleich, 1987) ; ear-eye/eye-snout distance ratio slightly Յ 1 (Schleich, 1984 (Schleich, , 1987 . Eight to 12 supralabials and seven to nine infralabials (Schleich, 1984) ; eight to 12 enlarged lamellae under the 4th finger; 160-195 midbody scales (Joger, 1984b) ; flatter apical dorsal tubercles ( Fig. 5D1 ) with 16 transverse rows (Schleich, 1984) ; several enlarged tubercles between the eye and the ear opening. Grey dorsal or olive greyish pattern with a broad, light well-defined middorsal line with generally five large saddle-like marks ( Figs 6D1, 7D1) ; cream ventral parts, yellow on the lower parts; big dark spots on the labials, creating an alternating light and dark pattern; eye iris dark grey with a typical vertical light area around the pupil, joining the upper and lower parts of the eye which are also light.
It differs from other Tarentola from the same clade D, T. 'rudis' from Santiago, Fogo, Brava, Rombos, and Maio, besides from its size, by the absence of a keel on dorsal tubercles. Unlike all other Cape Verdean Tarentola, strong vocalisations play a clear role in social behaviour (Schleich, 1982b (Schleich, , 1987 . This species avoids vertical surfaces presumably due to its weight, and presents a robust body with typical extreme fat storage (Schleich, 1987) .
Distribution: Raso and Branco Islets, Cape Verde.
Genetic and phylogeographic remarks:
Tarentola gigas is monophyletic in the mtDNA tree from Figure 2 . Genetic divergence with other taxa within clade D is higher than among taxa within clade B, although lower than among members of clade A: D1-D2, D1-D3, D1-D4, D1-D5, and D1-D6 p-dist (cyt b) = 2.4 ± 0.8, 2.8 ± 0.9, 2.6 ± 0.9, 2.8 ± 0.9, and 3.9 ± 1.0%, respectively (Table 5 ). Most of the Snn test values for PDC, ACM4, and MC1R are not significant among this clade (Appendix 5). According to the presently selected protocol of integration (IPC), a minimum of two lines of evidence differentiate T. gigas from all the other Tarentola from Cape Verde except T. protogigas from which it differs only in morphology (Fig. 2) . Consequently, it is considered a different species, although not fulfilling the rule in respect to T. protogigas, due to several ecological, behavioural and geographical differences (see Discussion).
The two subspecies, T. g. gigas and T. g. brancoensis, are not reciprocally monophyletic (Fig. 2) and the level of genetic divergence is very low, p-dist (cyt b) = 0.2 ± 0.2% (data not shown). Only one of the three lines of evidence (morphology) differentiates the two island populations. Consequently, according to the IPC protocol, these are considered distinct subspecies (Figs 2, 3 and Appendix 3). (BOCAGE, 1875) ( Schleich, 1984 Schleich, : 104, 1987 Schleich, : 48, 1996 Andreone, 2000: 21, 25; Carranza et al., 2000: 641; López-Jurado et al., 2005: 101. Specimens examined: Two live specimens and one voucher specimen (Appendix 1). Bocage (1896 Bocage ( : 4, 1897 Bocage ( : 194, 1902 refers to specimens from GA (Raso Islet, collected by Dr Hopffer and Newton in 1874 and lost due to a fire); Gamble et al. (2008: 3) to JB 45 (unknown islet); Mertens (1954: 7) to co-type ZMB 8998 (Raso Islet); Schleich (1980: 147) to ZSMH 362/ 1978 (unknown islet); Joger (1984b Joger ( : 100, 1993 to ZMB Nr. 8998 and RMNH 24148-163, respectively (Raso Islet); Schleich (1984 Schleich ( : 104, 1987 to ZSM 131/1981 (Raso Islet) and Andreone (2000: 21, 25) to MSNG 22150 (one individual, Raso Islet, collected by Fea in X-XI.1898) and MSNG 37517 (one individual, same data).
TARENTOLA GIGAS GIGAS
Additional material and references:
Diagnosis: Giant gecko, SVL larger than 100 mm [maximum SVL 155 mm (Bocage, 1896), 109.5 mm on average (Schleich, 1987] . It differs from T. g. brancoensis by the ratio between the width and length of the fourth toe being generally lower than 1:5, by presenting a higher scale count around midbody (180-213 versus 160-195) and a longer snout (Schleich, 1984; Joger, 1984b) .
Distribution: Raso Islet, Cape Verde.
Genetic and phylogeographic remarks: See T. gigas, above.
Conservation status: Listed as Endangered and so in need of urgent protection under the criteria of the First Red List of Cape Verde (Schleich, 1996) . The Cape Verde authorities later considered the status of this population as Endangered (Anonymous, 2002) . SCHLEICH, 1984 (FIGS 1, 2D1, 3, 5D1, 6D1, 7D1) It differs from T. g. gigas by its smaller body mass, by the ratio between the width and length of the fourth toe being generally higher than 1:5, by presenting a lower scale count around midbody (160-195 versus 180-213) and a shorter snout (Schleich, 1984; Joger, 1984b) .
TARENTOLA GIGAS BRANCOENSIS
Distribution: Branco Islet, Cape Verde.
Genetic and phylogeographic remarks: See T. gigas, above.
Conservation status: Listed as Endangered and so in need of urgent protection under the criteria of the First Red List of Cape Verde (Schleich, 1996) . The Cape Verde authorities later considered the status of this population as Endangered (Anonymous, 2002 (Schleich, 1987) , 68.7 mm on average; Appendix 2]; eye/ear opening ratio averages 1.92; ear-eye/eye-snout distance ratio averages 0.78. Nine to 11 supralabials (generally ten or 11) and seven to 11 infralabials (Schleich, 1984) ; nine to 13 enlarged lamellae under the 4th finger; 130-165 midbody scales (Joger, 1984b) ; conical to apical prominent dorsal tubercles with a narrow central keel (Fig. 5D2) , especially on the tail, with 16-22 longitudinal lines and 12-18 transverse rows (Schleich, 1984 (Schleich, , 1987 and Appendix S2); several enlarged tubercles between the eye and the ear opening. Grey brownish-greenish dorsal pattern with a series of four to five (usually four) light middorsal patches, each preceded by a W-shaped dark mark, usually connected by a light middorsal line, which is situated in a tubercle-free space (Figs 6D2, 7D2); white ventral parts; clearly marked big dark spots on the labials, creating an alternating light and dark pattern; eye iris light grey with a broad horizontal dark area. Note that the insular specimens from Ilhéu Santa Maria are less robust and have the middorsal line generally more pronounced.
It differs from T. bocagei, T. fogoensis, T. darwini, T. substituta, T. raziana, T. caboverdiana, and T. nicolauensis by presenting enlarged tubercles between
the eye and ear opening and prominent dorsal tubercles with a narrow central keel and by presenting a W-shaped dorsal pattern limiting a white spot, instead of symmetrical or asymmetrical butterfly-or X-shaped dark dorsal crossbands or marbled patterns (Figs 6, 7). It differs from T. gigas by its smaller SVL (always below 100 mm), its smaller mass, and eye iris coloration. It differs from T. boavistensis by generally presenting greyer dorsal coloration with frequently more contrasted pattern and eye iris not orangey, and from other taxa from clade D by the coloration and pattern of the labials (darker and/or more regularly creating an alternated dark and light pattern than Tarentola from Fogo, Brava, Rombos, and Maio). It also differs from Tarentola from clade D from Brava, Rombos, and Maio by four to five well-defined W-shaped dorsal bands (Fig. 6) (Fig. 2) and genetically differentiated from other taxa from clade D: D1-D2, D2-D3, D2-D4, D2-D5 and D2-D6 p-dist (cyt b) = 2.4 ± 0.8, 3.1 ± 1.0, 2.6 ± 0.9, 2.9 ± 0.9, and 5.3 ± 1.2%, respectively (Table 5) . However, the Snn test values for PDC, ACM4, and MC1R are not significant between T. rudis and Tarentola from Maio (Appendix 5). According to the presently selected protocol of integration (IPC), a minimum of two lines of evidence support the differentiation with sister taxa from clade D and differentiation of T. rudis from all the other Tarentola from Cape Verde (Figs 2, 3 and Appendix 3). Consequently, T. rudis is considered a distinct species.
Genetic and phylogeographical remarks: Tarentola rudis is monophyletic
Conservation status: Listed as Indeterminate and in need of urgent protection under the criteria of the First Red List of Cape Verde (Schleich, 1996) . The Cape Verde authorities later considered the status of this population as Indeterminate (Anonymous, 2002) .
TARENTOLA PROTOGIGAS JOGER 1984B
Diagnosis: Medium to large-sized gecko [maximum SVL 98.5 mm (Schleich, 1987) ; 71.9 mm on average, see Appendix 2]; eye/ear opening ratio averages 1.69; ear-eye/eye-snout distance ratio averages 0.75. Eight to 12 supralabials; seven to nine infralabials; ten to 13 enlarged lamellae under the 4th finger; 144-181 midbody scales (Joger, 1984b) ; conical to apical prominent dorsal tubercles with a narrow central keel (Fig. 5D4) , especially on the sacral region, with 12-15 transverse rows and 15-21 longitudinal rows; several enlarged tubercles between the eye and the ear opening. Grey, brownish to yellowish dorsal pattern with a series of four (sometimes five) light middorsal patches, each preceded by a more indistinct and lighter W-shaped dark mark, usually connected by a light middorsal line (Figs 6D3-5 and 7D3-5); goldenyellowish grey ventral parts; dark spots on the labials, sometimes creating an alternating light and dark pattern; eye iris grey with an indistinct broad horizontal dark area.
It differs from T. bocagei, T. fogoensis, T. darwini, T. substituta, T. raziana, T. caboverdiana, and T. nicolauensis by having prominent conical dorsal tubercles, enlarged tubercles between the eye and ear opening and a different dorsal pattern (Fig. 6) , and from T. gigas by the presence of a narrow wellmarked central keel, especially on the sacral region. It also differs from T. gigas by having important morphological, bioacustical, ecological, and behavioural differences. It differs from T. boavistensis, T. rudis, and Tarentola from Maio by its yellower ventral coloration. It also differs from T. rudis by a higher number of scales around midbody and interorbital scales [18-21 versus 16-19 (Joger, 1984b) ], by having four to five more indistinct and lighter W-shaped dorsal bands (Fig. 6) , fader spots on the labials and less contrasted eye iris coloration (Fig. 7) . It differs from Tarentola from Maio by a higher number of scales and lamellae under the fifth toe [22-26 versus 19-21, rarely 22 (Joger, 1984b) ] and interorbital scales [19-21 versus 16-18 (Joger, 1984b) ].
Distribution:
The southern islands of Fogo, Brava, and Rombos Islets, Cape Verde.
Genetic and phylogeographical remarks: Tarentola protogigas is monophyletic (Fig. 2) and presents a considerable level of genetic divergence from other sister taxa from clade D, as T. gigas, T. rudis, and Tarentola from Maio: D3-D1, D3-D2, and D3-D6 p-dist (cyt b) = 2.5 ± 1.2, 2.6 ± 0.9, and 5.3 ± 1.2%, respectively (Table 5 ). The population from Fogo presents a considerable level of genetic divergence with the populations from Brava and Rombos: D3-D4 and D3-D5 p-dist (cyt b) = 2.1 ± 0.8 and 2.3 ± 0.8%, respectively. However, the Snn test values for PDC, ACM4, and MC1R are not significant between T. protogigas from Fogo versus Brava and Rombos (Appendix 5). The population from Brava presents very low values of genetic divergence with the population from Rombos: D4-D5 p-dist (cyt b) = 0.4 ± 0.3%. Therefore, only one of the three lines of evidence (morphology) differentiates the population of Fogo from Brava and Rombos. Consequently, according to the IPC protocol, T. p. protogigas and T. p. hartogi comb. nov. are considered only distinct subspecies (Fig. 2) . The lack of differentiation in at least two of the three lines of evidence precludes any further differentiation between the island populations from Brava and Rombos. Loveridge, 1947: 332 (part.) Tarentola delalandii rudis: Mertens, 1954: 6 (part.) Tarentola 'delalandii' rudis: Schleich, 1982a: 246 (part.) Tarentola rudis rudis: Schleich, 1984: 97 (part.) Tarentola rudis protogigas: Schleich, 1987 Schleich, : 38 (part.), 1996 Joger, 1993: 439 (part.) Schleich (1984 Schleich ( : 97, 1987 (Schleich, 1987) , 80.0 mm on average, Appendix 2]. It differs from T. protogigas hartogi by its longer SVL, its less yellowish and more marbled ventrum, and more distinct W-shaped dorsal marks (Fig. 6) .
TARENTOLA PROTOGIGAS PROTOGIGAS
Genetic and phylogeographical remarks: See T. protogigas above.
Conservation status: Considered Low Risk on Fogo
Island under the criteria of the First Red List of Cape Verde (Schleich, 1996 : Schleich, 1982a: 246 (part.) Tarentola delalandii ssp. : Schleich, 1982a: 246 (part.) Tarentola borneensis protogigas: Joger, 1984b: 100 (part.)
Tarentola rudis protogigas: Schleich, 1987 Schleich, : 38 (part.), 1996 Joger, 1993: 439, 443; Andreone, 2000: 21, 25; Carranza et al., 2000: 641; López-Jurado et al., 2005: 101 Specimens examined: 27 live specimens and 15 voucher specimens (Appendix 1). Mertens (1954: 6) (Schleich, 1996) . SCHLEICH, 1984 (FIGS 1, 2D6, 3, 5D6, 6D6, 7D6)
Additional material and references:
TARENTOLA MAIOENSIS STAT. NOV.
MORPHOBANK M46092-M46109
Tarentola rudis maioensis Schleich, 1984 Maio, unknown locality), 1987 Maio, unknown locality), : 37, 1996 Joger, 1993: 438; Frazen & Glaw, 2007: 220 Tarentola delalandii rudis: Schleich, 1982a : 246 (part.); Mertens, 1954: 6 (part.) Tarentola delalandii ssp.. Schleich, 1982a : 246 Tarentola borneensis protogigas: Joger, 1984b Tarentola maioensis maioensis: López-Jurado et al.
2005: 101
Specimens examined: 16 live specimens and five voucher specimens (Appendix 1). Mertens (1954: 6) Diagnosis: Medium-sized gecko (maximum SVL 71.0 mm, 60.8 mm on average, Appendix 2) with a wide and long head (Schleich, 1984) ; distinct eye/ear opening ratio Ն 2; ear-eye/eye-snout distance ratio averages Յ 1. Seven to nine supralabials and seven to nine infralabials (Schleich, 1984 (Schleich, , 1987 ; eight to ten enlarged lamellae under the 4th finger; 129-149 midbody scales (Joger, 1984b) ; conical to apical prominent dorsal tubercles with a narrow central keel ( Fig. 5D6 ) with 12-18 (often 14) transverse rows (Schleich, 1987) ; several enlarged tubercles between the eye and the ear opening. Light grey-brownish dorsal coloration; dorsal pattern with a series of four to five, faint light middorsal patches and/or a broad light middorsal line, each preceded by wide brown marks ( Figs 6D6 and 7D6) ; white ventral parts; usually faint dark spots on the labials sometimes alternating dark and light; pale grey eye iris with a faded horizontal darker area.
Additional material and references:
It differs from T. bocagei, T. fogoensis, and T. darwini, T. substituta, T. raziana, T. caboverdiana and T. nicolauensis by having conical dorsal slightly apical prominent tubercles (Fig. 5) , enlarged tubercles between the eye and ear opening, and a different dorsal pattern (Figs 6, 7) . It differs from T. gigas, T. boavistensis, T. rudis, and T. protogigas by a lower maximum size (71 versus 115, 79, 83 and 99 mm, respectively). Moreover, it differs from T. boavistensis by a greyer dorsal and eye iris coloration and from T. rudis and T. protogigas by generally presenting lower number of scales and lamellae under the fifth toe [19-21, rarely 22 versus 22-26 (Joger, 1984b) ]. It also differs from T. rudis by presenting lighter dorsal coloration with wider and fainter dorsal bands and generally fainter coloration on the labials (Figs 6, 7) . Finally, it also differs from T. protogigas by a lower number of interorbital scales [16-18 versus 19-21 (Joger, 1984b) ] and the whitish ventral coloration.
Distribution: Maio Island, Cape Verde. Recently introduced to S. Nicolau Island, Cape Verde (see Vasconcelos et al., 2010) .
Genetic and phylogeographical remarks: Tarentola maioensis is a monophyletic lineage, genetically differentiated from other members of its clade, T. gigas, T. rudis, and T. protogigas: D6-D1, D6-D2, D6-D3/ 4/5 p-dist (cyt b) = 3.9 ± 1.0, 5.3 ± 1.2, and Ն 5.3 ± 1.2%, respectively (Table 5) Conservation status: Listed as Low Risk under the criteria of the First Red List of Cape Verde (Schleich, 1996) .
DISCUSSION
The results of the molecular and morphological analyses are in accordance with previous reports of mitochondrial and morphological variation (Joger, 1984b (Joger, , 1993 Schleich, 1984 Schleich, , 1987 Carranza et al., 2000; Vasconcelos et al., 2010) . There is a remarkable degree of concordance between the units defined based on previously published mtDNA data and those observed by morphological analyses and multilocus nuclear data. The only exception is between T. substituta and T. raziana, which present low levels of mtDNA divergence but significant morphological and nuclear differentiation. For this reason a large number of samples were sequenced for MC1R (N = 58), confirming that the absence of haplotype sharing between T. substituta and T. raziana was not a consequence of stochasticity due to low sample size.
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These two taxa may have been in partial contact and introgressed during the Pleistocene sea-level falls. The gene flow occurred as a consequence of the connection of the Desertas island group with S. Vicente during that period, and has left a signature in the population genetic structure of low mitochondrial divergence between T. substituta and T. raziana that would be misleading if systematics was based on a single line of evidence. Once those populations were isolated again, the backcrossing of outnumbered hybrids led to clear nuclear differentiation of each island population. The persistence of introgressed mtDNA after several backcrosses is explained by the continuous passage of this information through the maternal lineage. Other studies on birds and Tarentola have also shown that mtDNA alone can be misleading (Zink & Barrowclough, 2008; Rato et al., 2010) . These examples highlight the importance of multi-locus analyses and the general use of several lines of evidence on the integrative taxonomy approach. Alternatively, extra lines of evidence might balance results differently, and thus further investigation is needed.
Results of nuclear data analyses showed some differentiation between T. bocagei, T. fogoensis, and T. darwini and amongst the Tarentola from clade B, especially on the MC1R gene. Nuclear data also sup- sented haplotype sharing among specimens of the same species but belonging to different ESUs, such as T. protogigas from Fogo and Brava. However, nuclear genealogies do not support conclusively all the partitions observed in mtDNA, especially differentiation between T. bocagei and T. nicolauensis, T. rudis and T. maioensis, and T. gigas and T. protogigas. Discrepant results observed between mtDNA and nuclear genealogies are probably explained by incomplete lineage sorting of ancestral polymorphism, as nuclear markers are evolving at slower rates than mitochondrial ones. Another possible explanation could involve male-biased gene flow. Further assessment on faster evolving nuclear markers would be valuable to analyse this. When haplotype sharing exists between two different species from separated islands that were never connected, it is probably due to ancestral polymorphism, as gene flow is greatly reduced by the oceanic barrier. This is the case of haplotype sharing between T. bocagei and T. caboverdiana/ T. protogigas/T. gigas/T. rudis, between T. rudis and T. maioensis, and between T. nicolauensis and several species of clade D. In the case of the two Tarentola species present in S. Nicolau, levels of gene flow were estimated to discriminate between the influence of ancestral polymorphism and migration scenarios in shaping the patterns of allele sharing detected by the nuclear markers. The data strongly suggest that the polyphyletic pattern of the nDNA networks derives from the incomplete lineage sorting of ancestral polymorphism as the most probable migration rates inferred with IMa software were zero (Appendix 4). When differentiation is recent, as is the case here (see Carranza et al., 2002; Vasconcelos et al., 2010) , it is probable that mitochondrial lineages may not be monophyletic with respect to nuclear genealogies. Another line of evidence is that, if gene flow was the main cause for the observed pattern, we expect both ancestral and derived alleles (located in a central or marginal position in the haplotype network, respectively) to be equally transpecific, which is not the case (see Fig. 3 ). Although possibly allopatric, probably due to the geological history of S. Nicolau (see Vasconcelos et al., 2010) , T. bocagei and T. nicolauensis are very similar species that are difficult to distinguish in the field. This is probably due to patristic similarity or to convergence, as both species share evolutionary history and identical ecological pressures. Further morphological analyses, including coloration and other qualitative characters, are needed to clearly identify these species in the field. It would also be interesting to focus on the possible contact zone between the two species to assess if hybridization is occurring.
Considering clade D, it is important to note that despite the low differentiation in mtDNA between T. gigas and other species of this clade and between some of these species pairs in the nuclear genes, the alternative possibility of considering all these monophyletic lineages belonging to the same species has been refuted by several authors (see Schleich, 1987; Joger, 1993) . The main reason for this is that T. gigas presents important morphological, bioacoustical, ecological, and behavioural differences and also a very distinct geographical distribution (north-western islands) compared with the remaining species, including T. protogigas. That was the grounds for exceptionally considering T. gigas and T. protogigas as different species even though only supported by one line of evidence.
A genetic divergence of 2.1% in the cyt b gene was found between T. protogigas from Fogo and the populations from Brava and Rombos, while only 0.4% was found between populations from Brava and Rombos (Table 5) , the latter ones even sharing a mitochondrial haplotype (see Appendix 3). Despite the fact that populations from Brava and Rombos were regarded as different subspecies based on morphology (Joger, 1993), the evidence was weak. The analysis was based on very variable pholidotic characters (midbody, toe, and gular scale counts) with overlapping values and from very few specimens (two from Brava and five from Rombos). A reanalysis of four additional voucher specimens from Rombos and 11 voucher specimens from Brava using several characters clearly showed that the morphological variation of the individuals from Rombos falls within that of the specimens from Brava (see Appendix 2). This result coincides with the lack of genetic differentiation between these two island populations and supports the conclusion that both populations should be regarded as part of the same subspecies. On the other hand, as shown in Table 5 , Appendices 2, 3, and 5, MorphoBank M46037-M46091 and explained in the 'Diagnosis' sections of the two subspecies of T. protogigas, T. protogigas from Fogo differs morphologically from the populations from Brava and Rombos and also presents distinct haplotypes in mtDNA. Furthermore, the geographical affinities between Fogo and those other populations are much weaker than between Brava and Rombos. In the presence of further evidence supporting the split between these two lineages, T. protogigas and T. hartogi should be regarded as candidate species.
MANOVA of the linear measurements indicated that males and females of Tarentola present sexual dimorphism in size but not in shape, as they generally became non-significant after size correction. On the other hand, for studying differences among taxa, all linear measurements are important as these analyses proved that differences among populations are due to sizes and also shapes.
This taxonomic revision has considerable conservation implications for the Cape Verdean Tarentola as some clades were subdivided and now present more restricted areas of occupancy and extents of occurrence. Thus, a revision of the conservation status is required. Presently, Tarentola is the most taxonomically diverse genus of all the endemic reptile genera occurring on the Cape Verde archipelago (Hemidactylus, Tarentola, and Chioninia) and hence efforts should be made to ensure that the protected areas that are going to be implemented in the near future encompass all this richness. For each variable mean ± standard deviation (SD), range, and sample size (N) is given. All results are based on 1,000 permutation tests of 148, 146 and 136 sequences (homozygotes duplicated), respectively. Analyses were conducted in DNAsp (NS, not significant, P > 0.05; *, 0.01<P<0.05; ** P <0.01). All positions containing missing data were eliminated from the dataset. There were a total of 392, 431 and 668 positions in each final dataset, respectively. Tv, T. boavistensis; Tb, T. bocagei; Tf, T. fogoensis; Td, T. darwini; Ts, T. substituta; Tz, T. raziana; Tc, T. caboverdiana; Tn, T. nicolauensis; Tg, T. gigas; Tr, T. rudis; Tpp, T. protogigas protogigas; Tph, T. protogigas hartogi; Tm, T. maioensis. 
